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Structure for working unit for bucket excavators and method for manufacturing the same 

(57) A bucket connecting bracket (23) is connected to one longitudinal end of a hollow arm body (22) having a 
triangular cross section, and a boom mounting bracket (26) is connected to the longitudinal middle part of the 
arm body (22) while an arm cylinder bracket (24) is connected to the other longitudinal end of the arm body 
(22) to constitute an arm. As a result, the arm body (22) is made resistant to deformation in cross section, so 
that its plate thickness can be reduced and its rigidity is enhanced without resort to a cross section bracing 
member, thereby manufacturing a light-weight arm free from cross-sectional deformation. 
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SPECIFICATION 

STRUCTURE FOR WORKING MACHINE OF 3UCKET TYPE EXCAVATOR AND 
PRODUCING METHOD THEREOF 

TECHNICAL FIELD 

The present invention relates to a structure for a 
working machine of a bucket type excavator such as a 
hydraulic shovel, and a producing method of an arm of the 
bucket type excavator and the structure for the working 
machine of the bucket type excavator. 

BACKGROUND TECHNIQUE 

As shown in Fig.l, in a hydraulic shovel which, is a 
kind of a bucket type excavator, an ~upper vehicle body 2 
is turnably mounted on a lower running body 1, a boom 3 is 
vertically swingably mounted to the upper vehicle body 2, 
an arm 4 is vertically oscillatably mounted to the boom 3, 
and a bucket 5 is vertically oscillatably mounted to a tip 
end of the arm 4. A boom cylinder 6 is connected between 
the upper vehicle body 2 and the boom 3, an arm cylinder 7 
is connected between the boom 3 and the arm A, and a 
bucket cylinder 8 is connected between the arm 4 and the 
bucket 5. 

The hydraulic shovel vertically swings the boom 3, 
the arm 4 and vertically oscillates the bucket 5, and at 
the same time, laterally turns -he upper vehicle body 2, 
thereby carrying out operations such as excavation and 
loading to a dump truck. 

As shown in Fig. 2, the arm 4 comprises an arm body 
1C, an arm cylinder-mounting bracket 11 jointed to 
longitudinally one end of the arm body 10, and a bucket- 
connection bracket 12 jointed to longitudinally other end 
of the arm body 10. As shown in Fig. 3, the arm body 10 is 
hollow and rectangular in cross section comcrising an 
upper lateral plate 13, a lower lateral elate 14 and ie r - 
and right vertical plates 15, 15. 

As shown in Fig.l, at the time of operation, a 
vertical load Fl, a lateral load F2, a torsion load F3 and 
the like are applied to the arrr. 4, and durability against 
tr.ese loads is secure. 

For example, against the vertical load Fl, a width W 
ar.d a height H as well as plate thickness of each of the 
upper lateral plate 13, the lower lateral plate 14 and the 
left and right vertical plates 15, 15 are appropriately 
set in accordance with magnitude of the loads as shown" in 
Fig. 3. In addition to these, against the lateral load F2 
and the torsion load F3, a cross section restraint member 

l 
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such as a rib 16 shown in Fig. 2 is added. 

In the hydraulic shovel, a counter weight 9 is 
provided at a rear portion of the upper vehicle body 2 in 
accordance with the excavation ability of a working 
machine comprising the upper vehicle body 2 which is a 
main portion, the boom 3, the arm 4 and the bucket 5. If 
zhe working machine is reduced in weight, the weight of 
the counter weight 9 mounted to the rear portion of the 
upper vehicle body 2 can be reduced, the rearward 
projecting amount of the upper vehicle body 2 can be 
reduced and therefore, a turning radius of the rear end of 
the upper vehicle body 2 can be reduced. 

If the working machine -comprising the boom 3^"the*"-:" 
arm 4 and the bucket 5 is reduced in weight/ it is 
possible to increase -the volume of the.. bucket 
correspondingly instead of reducing the weight of the 
counter weight 9 and thus to increase the working amount. 

Further, the arm 4 is vertically swung by the arm 
cylinder 7, and a portion of a thrust of the arm cylinder 
7 supports the weight of the arm 4. Therefore, i-f the arm 
4 is reduced in weight, the thrust of the arm cylinder 7 
can effectively utilized as the vertical swinging force of 
the arm 4. Similarly, the weight of the arm 4 itself is 
applied to the boom cylinder 6, if the am 4 is reduced in 
weight, thrust of the boom cylinder 6 can effectively be 
utilized . 

In generally, when considering a strength of the 
working machine of the bucket type excavator, as the 
simplest method, a working machine is replaced with a beam 
or a thin pipe which is discussed in material mechanics 
and a strength with respect to the bending and torsion can 
be evaluated . 

That is, bending stress a, and shearing stress x 
generating on a cress section can be obtained by the 
following general formulas (1) and (2): 

(1) o=M/Z 

(wherein, o: bending stress generating on a cross 
section, M: bending moment applied to the cress section, 
Z: cross section coefficient) 

(2) x=T/2At 

(wherein, t: shearing stress, T: torsion torque, A: 
projection area of neutral line of cross section plate 
thickness, t: thickness of cross section plate) 

An appropriate shape of the cross section can be 
determined from the results of the above calculation and 
oermissible stress of the material to be used. Similarly, 

2 
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deflection of the beam and torsion of the axis can be 
calculated using general formula of the material 
mechanics, and such calculation, rigidity of the working 
machine can also be evaluated. 

However, if a working machine designed in accordance 
with the above evaluation method is actually produced and 
stress test is carried out, the result of the test is 
different from a stress value calculated during the 
evaluation in many cases. For this reason, in recent 
years, simulation by a computer using finite element 
method (FEM) is used as the evaluation method for 
enhancing the precision of the stress evaluation. If the 
stress is calculated using the FEM simulation, - it can be 
found that a cross section of a working machine which was 
considered as beam and axis of material mechanics, is- 
changed in shape before and after the load is- applied: 
From this fact, it can be understood that a stress 
calcula-ed using the general formulas of the material 
mechanics derived based on a presumption that a shape of a 
cross section is not changed and a -stress measured when a 
stress test is actually carried out do not coincide with 
each otner. 

In the case of a conventionally used working machp-e 
r.avmg a rectangular cross section, there are two factors 
for determining a deformation strength of the cross 
section, i.e., rigidity of a rectangular angle portion and 
rigidity of a rectangular side portion in the outward 
cirecticn of a surface. When each of the two riaidi*-y 
ooes net have sufficient strength against a load, the 
cross section is deformed as shown in Fia.5, and an 
excessive load is applied to the rectangular angle 
portion. To prevent those, a cross section restraint 
-atena. such as a partition wail is reauired for a 
portion in which its cross section is deformed]" but if 
such material is provided, productivity cf the working 
machine is lowered. 

^ If the abov e facts are applied to the arm 4, the arm 

-. -s gz noliow shape of rectangular cross section as shewn 
m Fig. rigidity of the cross section is determined by 
cendmg rigidity of an angle portion a, bending rigidity 
,.rigidi-y in the outward direction of surfaces) of the * 
four surfaces (the upper lateral plate 13, th e lowe^ 
-atera. plate 14, and the left and right vertical Dlate* 
-5 and 15) . " 

That is, influence of the bending rigidity of the 
surfaces and the bending rigidity of the angle portion is 
great with respect to the deformation of the cross 
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section. For example, in Fig. 3, when the lower plate 14 
is fixed, and a load F shown with the arrow F is applied, 
as shown in Fig, 4 schematically, each of the angle 
portions a is bent and deformed, the upper plate 13 and 
the left and right vertical plates 15 and 15 are bent and 
deformed in the outward direction of the surfaces 
(thickness direction) . When the thickness of the plate is 
reduced, reduction of rigidity in the outward direction of 
the surface is proportional to the third power of a ratio 
of reduction of the plate thickness. 

For these reasons, if the thickness of each plates 
is reduced to increase the cross section, when the lateral 
load F2 and the torsion' load F3 are applied to the arm 4, 
a deformation is generated in the lightweighted boom 3 as 
shown with the arrows b an.d c- in Fig. 3, the rigidity of 
the entire boom is largely lowered. Therefore, the above- 
described cross section restraint material such as the 
partition wall 16 and the pipe 17 must be reinforced, the 
weight of the boom is increased because of the reinforced 
cross section restrain- material, the structure is 
complicated because of the partition wail 16 and the pipe 
17 f and there is a problem with the productivity due to 
increase in welding portions. 

Further, as show:, in Fig. 2, the arm 4 is provided 
with a bucket cylinder bracket 17 for connecting the 
bucket cylinder 8 and a boom cylinder-connection boss 18 
for connecting the boom 3. If the thickness of each of 
portions to which these are to be connected, e.g., the 
left and right . vert ical plates 15, 15 and the upper 
lateral plate 13 is reduced, the rigidity in the outward 
direction of the surface is lowered. Therefore, in some 
cases, this further increases the deformation in the 
outward direction of the surface and reduces the rigidity 
of the arm 4, and a deformation shown with a phantom line 
in Fig. 3 is generated. Thus, it is difficult to reduce 
the thickness of plate material forming the arm body 1C . 

Further, since the plate members forming the arm 
body 1C are welded to zr.e another at right angles, if the 
thickness of the plate members is reduced, the weld 
jointing efficient is lowered, and it is difficult to 
secure the durability cf the angle joint and thus, it is 
difficult to reduce the thickness of the plate members 
forming the arm body ID. 

Furthermore, in the case of the conventional boom, 
the upper lateral plate 13, the lower lateral plate 14 and 
the left and right vertical plates 15, 15 are formed by 
cutting them in accordance with the shape of the arm body 
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10, and the vehicle arm cylinder bracket 11 and the 
bucket-connection bracket 12 are welded to the arm body 
10. Therefore, working of each of the plate members is 
complicated, the welding portion (welding line) is long, 
many steps are required to produce the boom and thus, the 
producing method is complicated. 

A boom shown in Fig. 5 in which one sheet of plate d 
is bent into U-shape and the upper lateral plate 13 and 
the left and right vertical plates 15, 15 are formed into 
one unit is known. However, in this case also, a step for 
cutting the plate d and the lower lateral plate 14, a step 
for bending, and a step for welding two welding portions 
(welding lines) are required and thus, many' steps are 
required and this method is complicated. 

Thereupon, it is an object of the present invention 
to provide a structure for a working machine of a bucket 
type excavator capable of solving the above problem, and a 
producing method of an arm of the bucket type excavator 
and the structure for the working machine of the bucket 
type excavator. 

DISCLOSURE OF THE INVENTION 

An arm of a bucket type excavator of a first 
invention is a structure for a working machine such as an 
arm of a bucket type excavator such as a hydraulic shovel, 
the arm body 22 has a cross section in which three sides 
are straight, and each of connected portions of the two 
sides is cf arc shape. 

According to the first invention, since the boom 
body 22 is triangular in cross section, due to 
characteristics of a triangle that its cross section is 
less prone to be deformed in the outward direction of 
surface by load, the boom body 22 car. keec its cross 
section shape and secure the rigidity without using a 
cress section restraint material such as a pipe. 
Therefore, the plate thickness cf the boor, body 22 can be 
reduced tc reduce its weight, and the cross section 
restraint material such as partition wail and the pipe is 
unnecessary ar.d thus, its structure is sir.ple, and" the 
number cf portions requiring welding is srtall and 
therefore, the durability and productivity are enhanced. 
Therefore, according to the first invention, the weight of 
the beem tan largely be reduced, and the durability and 
productivity cf the boom are excellent. 

In a structure of a working machine of a bucket type 
excavator of a second invention, the arm body 22 has a 
cross section in which three sides are straight, and each 

5 
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of connected portions of the two sides is of arc shape. 

According to the second invention, since the cross 
section of the structure body 22 in which three sides are 
straight, and each of connected portions of the two sides 
is of arc shape, the sectional area can be increased such 
that it inscribes a sectional area a conventional 
structure, the cross section performance can be 
maintained, and since the angle portion is arc in shape, 
the stress can be dispersed. Therefore, according to the 
second invention, a large sectional area can be secured, 
the cross section performance can be maintained, and the 
rigidity of the boom can be enhanced. 

In an arm of a bucket - type excavator - according to a 
third invention, a bucket thereof is mounted'to a rip" end 
side and pivotally supported by a boom, wherein the arm 
body 22 is hollow and triangular" in Cross section. 

According to the third invention, since the arm body 
22 is triangular in cross section, due to characteristics 
of a triangle that its cross section is less prone to be 
deformed in the outward direction of surface by lead, the 
arm body 22 can keep its cross section shape and secure 
the rigidity without using a cross section restraint 
material such as a pipe. Therefore, the plate thickness 
of the arm body 22 can be reduced to reduce its weight, 
and the cross section restraint material such as partition 
wall and the pipe is unnecessary and thus, its structure 
is simple, and the number of portions requiring welding is 
small and therefore, the durability and productivity are 
enhanced. Therefore, according to the third invention, 
the weight of the boom can largely be reduced, and the 
durability and productivity of the boom are excellent. 

In an arm of a bucket type excavator according to a 
fourth invention, the arm body 22 has a cross section of 
the third invention in which three sides are straight , and 
each of connected portions of the two sices is of arc 
shape . 

According to the fourth invention, since the cress 
section of the arm body 22 in which three sices are 
straight, and each of connected portions of the tv;: sides 
is of arc shape, the sectional area can be increased such 
that it inscribes a sectional area a conventional zoom, 
the cross section performance can be maintained, and since 
the angle portion is arc in shape, the stress can be 
dispersed. Therefore, according to the fourth invention, 
a large sectional area can be secured, the cress section 
performance can be maintained, and the rigidity of the 
boom can be enhanced. 

6 



BNSDOCID: <GB 23431 73A_I_> 



In an arm of a bucket type excavator according tc a 
fifth invention, the arm body has a substantially triangle 
cross section of the fourth invention in which a lower 
surface thereof is a triangular base side, an upper 
surface thereof is a tip of the triangle, and a boom- 
mounting bracket 26 is jointed to a longitudinally lower 
surface . 

As in the fifth invention, when the boom-mounting 
bracket 26 to be mounted to the boom is mounted to the 
lower surface of the arm body 22, if a lateral load (F2 in 
Fig.l) or a torsion load (F3 in Fig.l) is applied to the 
arm tip end, since the lower surface side is closer to the 
bracket 26 than the "upper surface side, there is "a " " 
tendency that a burden of a load of th'e lower surface side 
which is shorter in length is greater. Therefore, as in 
the fifth invention," "if the lower surface is formed into a 
base of the triangle, the cross section performance can be 
exhibited more efficiently as compared with a structure 
which is turned upside down, and the weight can further be 
reduced. Further, also when the vertical lead (Fl in 
Fig.l) is applied to such a boom, if the lower surface is 
the bottom surface of the triangle, the cross section 
performance can be exhibited more efficiently. 

In an arm of a bucket type excavator according to a 
sixth invention, in the cross section of the fifth 
invention, a bucket cylinder bracket 25 is jointed to an 
upper surface of the arc connected per- ion cf the two 
sides. 

According to the sixth invention, since the top of 
the arm body 22 has great rigidity, even if the plate 
thickness of the mounting portion of the bucket cylinder 
bracket 25 is thin, the boom is not deformed. With this 
structure, the plate thickness of the mounting portion of 
the bucket cylinder bracket 25 of the arm bedy 22 can be 
thin to further reduce the weight of -he becm. 

In an arm of a bucket type excavator according tc a 
seventh invention, in the cress section shape of the fifth 
invention, the arm body 22 has a substantially triangle 
cress section in which a lower surface thereof is a 
triangular base side, an upper surface thereof is a tic of 
the triangle, and a bucket cylinder bracket 25 is jointed 
to the flat portion of the top. 

According tc the seventh invention, since the top of 
the arm body 22 is the flat portion, when the bucket 
cylinder bracket 25 is welded to the fiat top, edge 
preparation of the bucket cylinder bracket 25 is 
unnecessary and the throat depth of the weld joint can be 




• ..... 

secured by using a fillet weld joint as the weld joint. 
Therefore, the welding operation of the bucket cylinder 
bracket 25 to the top of the arm body 22 is facilitated, 
and even if the plate thickness is thin, the welding 
strength can be maintained. 

In an arm of a bucket type excavator according to an 
eighth invention, in the sixth or seventh invention, the 
bucket-connection bracket 23 is jointed to longitudinally 
or.e end of the arm body 22, aod the arm cylinder bracket 
24 is jointed to longitudinally other end of the arm body 
22. 

According to the eighth invention, the arm is 

suitable for carrying out the invention. 

A producing method of a structure 1 for a working" 
machine of a bucket type excavator of a ninth invention, 
the method comprises " the steps of: bending a plate" 
material 73 having two long sides 70, 70 and two short 
. sides 71, 71, thereby forming a hollow member which is 
triangular in cross section, and welding butted portions 
of the two long sides 70, 70, thereby forming a body 22. 

According to the ninth invention, since one sheet of 
plate material is bent and the, butted portions are welded 
; to form the structure body 22, 'the working. of the plate 

material is easy, and the welding portions (welding line) 
is short. With this method, the producing steps of the 
structure for the working machine are easy, the structure 
] can be produced easily. 

A producing method of a structure for a working 
machine of a bucket type excavator of a tenth invention, 
in the ninth invention, the body 22 has a cress section in 
which three sides are straight, and each of connected 
portions of the two sides is of arc shape, the body 22 has 
a triangle cross section in which a lower surface thereof 
is a triangular base side, an upper surface thereof is a 
1 tip of the triangle, and butt-welded portions of the two 

| Icr.c sides 70, 70 are disposed on the lower surface. 

I According to the tenth invention, because the 

J v:eldinc portion is disposed on the lower surface, there is 

\ a rterit that the outward appearance is enhanced in 

; addition to merits which can be obtained by the boom of 

i the first to third inventions. 

; BRIEF DESCRIPTION OF THE DRAWINGS 

Fig.l is a perspective view of a power shovel; 

Fig. 2 is a front view of a conventional arm; 

Fig. 3 is a sectional view taken along the line A-A 
i in Fig. 2; 

8 
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Fig. A is an explanatory view of deformation of a 
cress section of the arm; 

Fig. 5 is a sectional view showing another example of 
the arm; r 

Fig. 6 is a front view of a arm of an embodiment of 
the present invention: 

Fig. 7 is a plan view of the arm of the embodiment of 
the present invention: 

Fig. 8 is a sectional view taken along the line B-B 
in Fig . 6 ; 

Fig. 9 is a sectional view taken along the line C-C 
in Fig .6; 

Fig. 10 is. an exploded, perspective- view of the. arm,- " 
in Fig^ 11 "* SeCtional view ta ^en along the line D-D 

in Fig^' 12 * Sectional view taken along the line E-E 
in Fig^' 13 * Sectional view tak en along the line F-F 

Fig. 14 is a bottom view of an end of the arm; 
in F-:g F i4*' 5 1S 3 Sectional view taken along the line G-G 

-n fh/i!' 16 15 3 sectional vi ^w taken along zr.e line H-H 
x n t i g . 1 4 ; 

in Fig^' 17 ^ * SeCtional view taken along the line I-I 

Fig. 18 is an explanatory view of a deformation of a 
cress section of the arm; 

^-^l i<5 '* 19 - '~ S 30 ex P lanat °ry view of a size cf the cross 
sev.wj.on c: zr.e arm; 

Fig. 20 is a plan view of a plate material for 
preauemg a r.ain arm; 

,- n ^/i?'. 21 iS 3 sect ionai view taken along the line J-J 
of -h/n--! 15 an . ex P lana -<>ry view of bending operation 
ma _^^ g - 23 is a P er spective view of the cent olate 

of is / n . e ^P lana tory view of bending operation 

OI - n e pic.e material; 

Fig. 25 is a perspective view of the bent o^ate 
material; ■ 

Fig. 56 is an explanatory view of bending *nd 
jointing coercions of the plate material; 

Fig. 27 is a perspective view showing ioir- e d D 'a-e 
material; J P- a - e 

Fig. 28 is an explanatory view showing another 
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example of the arm body; 

Fig. 29 is an explanatory view showing another 
example of the arm body; 

Fig. 30 is an explanatory view of bending 'operation 
of a top cross member; 

Fig. 31 is an explanatory view of bending operation 
of a bottom side cross member; 

Fig. 32 is an explanatory view of back wave welding 
operation of one end of both members by a butt jig; 

Fig. 33 is an explanatory view of back wave welding 
operation of the other end of both members "by a butt jig; 

Fig. 34 is a sectional view showing a different 
triangle shape of the boom front member and the boom rear 
member; and " . 

Fig. 35 is a sectional view showing another triangle' 
shape of the boom front" member and the boom rear member. 

3EST MODE FOR CARRYING OUT THE INVENTION 

As shown in Figs. 6 and 7, an arm body 22 comprises a 
main arm body member 20 and an auxiliary member 21, a 
bucket-connection bracket 23 is jointed to longitudinally 
one end of the arm body 22, an arm cylinder bracket 24 is 
jointed to longitudinally other end of the arm body 22, a 
bucket cylinder bracket 25 is jointed to an upper surface 
of the arm body 22, a boom-mounting bracket 26 is jointed 
- o a longitudinally intermediate lower portion of the arm 
body 22, thereby forming an arm 4. 

An upper surface 22a of the arm body 22 is straight, 
a lower surface 22b is of substantially V-shape which is 
cent at the longitudinally intermediate portion (connected 
portion of the boom-connecticn bracket 26) , longitudinally 
opposite ends of the arm body 22 are tapered in the height 
direction from the longitudinally intermediate portion, 
longitudinally opposite ends of the arm body 22 are also 
tapered in the width direction from the longitudinally 
intermediate portion. 

That is, in the arm body 22, the longitudinally 
intermediate portion has the greatest cross section, and a 
cross section of the arm body 22 is gradually reduced 
toward the longitudinally opposite ends. 

As shown in Figs. 8 and S, the arm body 22 is hello.* 
and triangular in cross section, a base side of the 
triangle is the lower surface 22b, and a top of the 
triangle is the upper surface 22a. A longitudinally 
intermediate portion of the lower surface 22b of the arm 
body 22 is formed with arc notch 27, and the boom- 
connection bracket 26 is jointed to the notch 27. 

10 
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More specifically, as shown in Fig. 5, a portion of 
cne arm closer to a front end thereof than the 
longitudinally intermediate portion is or.ly the main arm 
body member 20 and triangular in cross section. A portion 
of the arm closer to the rear end thereof than the 
longitudinally intermediate portion is the main arm body 
member 20 and the auxiliary member 21 and triangular in 
cross section, as shown in Fig. 9. 

h • v^ T u e . am b ° dy 22 is of ^osceles triangle whose 
height h is greater than its width W, its three sides are 

fn^! ' COnnected Portions e, f, g of two sides are arc 
in shape a curvature of the upper connected portion e is 

r ea w e ,\ ^" th ° Se ° f " the loWer connected port ions f ana 
g. With this structure, stress applied to each of the 
connected portions is dispersed, a cross section 

?!nf^r n ^ ^ quired for a beam ^ secured, and vertical 
rigidity of the arm body is enhanced. 

90 „ As shown in Figs. 8 and 10, in the arm body member 
20 one sheet of plate material 30 which is obtained by 
cutting a steel plate into a predetermined shaft is bent, 
portions tnereof closer to the front end -'nan the 
longitudinally intermediate portion are butt-welded, the 
^ront portion is triangular in cross section, and the rear 
portion is angle shape whose lower surface is opened A 

a -Tof^tVl ? rian S le is the lower surface 20a, and 

a _„p of the triangle is the upper surface 2Cb ^he 
weiced portion 31 is continues with the base side'of the 
-r^e.g^e in the longitudinal direction. 

Opposite sides vertical plate lower angled portions 
closer to tne rear end of the main arm merrier 20 are 
-orrr.ed with arc recesses 32. 

As shown in Fig. 10, the auxiliary member 21 is 

s'a'i .d y -; U f ting /- Steel PlatS 33 intC 3 Predetermined 
S a '!- ' °;?- S formed into substantially C-shaoe having a 

I!: 6 " 1 ? xa ' e 2l£ and a P air of vertical tieces 21b, 2^b 
ar.c tne lateral plate 21a is formed with a notch 34. 

21K e - rho lOWr M" ri9 ' 9 ' Zhe pair of '^rtical nieces 21b, 

s- ts\^r a T^ ary merriber 21 3fe welded -o ^ ooccsi: 
s^ces vertical c ^ p Ac S y. ^ u ^ , ^ * - 

x t-.-s.es vi^e, to che rear end of the -a *■ n 

tZ*.°°*!™T" 23 t!,toa « h •* backi M Plat, 35. firmed 
v^.anguiar in cress section. 

<s -ollL S: ^H n ^ n Fig : 10 ' ~ he bucket-connection bracket 23 
:L : :ll f °y d tr : an 9 ula r in cross section, a front end 
thereof is formed with a pin insertion he'e 40 a- 
intermediate opposite side surface of the bucket 23 <s 
xormed with a pin engaging hole 41, and a rear end c* the 
oucxet 42 is integrally provided with a triangular 
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connection projection. 

As shown in Fig. 11, in the main arm body member 20 
and the bucket-connection bracket 23, longitudinally one 
end opening edge of the main arm body member 20 (arm body 
22) is fitted to a connection projection 42 of the bucket-" 
connection bracket 23 to form a welding groove 43, and 
this portion is welded. A longitudinally one end edge 23c 
of the main arm body member 20 is thicker than other 
portion 20d so that throat thickness of the weld-joint can 
be secured to obtain sufficient welding depth and welding 
can be carried out strongly. With this structure, even if 
the plate thickness of the main arm body member 20 is 
reduced to reduce" its weight, the bucket-connection - 
bracket 23 can be-welded strongly. . -\ . . - -. 

As shown in Fig. 10, the bucket cylinder bracket 25 
is of U-shape in which a pair of vertical pieces 44, 44 
are connected with a lateral piece 45, the pair of 
. vertical pieces 44, 44. are welded to the arc upper surface 
22a of the arm body 22 as shown in Fig. 12. With this 
structure, the rigidity of the mounting portion of the 
bucket cylinder bracket 25 of the arm body 22 can be 
secure, and even if the plate thickness of this portion is 
thin, it is not deformed by the reaction force of the 
bucket cylinder. 

As shown in Fig. 10, the arm cylinder bracket 24 
includes a mounting portion 50 of the same triangle shape 
as the longitudinally other end edge of the arm body 22, a 
lateral plate 51 which is integrally formed with a lower 
portion of the mounting portion 50, and a pair of vertical 
pieces 52, 52 integrally provided between the mounting 
portion 50 and the lateral plate 51. 

The mounting portion 50 is integrally provided a 
substantially triangular connection projection 53, the 
lateral plate 51 is integrally provided with a 

\ substantially U-shaped connection projection 54 which is 

| formed with the connection projection 53 continuously. As 

shown in Fig. 13, the connection projection 53 is fitted 

I the longitudinally other end opening edge of the arm body 

; 22 to form and weld a welding groove 55. 

As shown in Figs. 14, 15 and 16, the connection 

: projection 54 of the lateral plate 51 is fitted to the 

; notch 34 of the auxiliary member 21 to form and weld a 

welding groove 56. 

i As shown in Fig. 10, the boom-mounting bracket 26 is 

formed into a hollow structure comprising a lower lateral 
piece 60, a pair of vertical pieces 61, 61 and an arc 
upper lateral piece 62 . The pair of vertical pieces 61, 
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61 are formed with pin fitting holes 63. The pair of 
vertical pieces 61, 61 and the upper lateral piece 62 are 
arc in shape having the same curvature as that of the arc 
notcn 27 of the arm body 22, and the upper lateral piece 

62 is integrally provided with an arc connection 
projection 64. As shown in Fig. 17, the connection 
projection 64 is fitted to the notch 27 of the arm body 22 
to form and weld a welding groove 65. 

ann h *\? €S "* bed ? b ° Ve ' the arm body 22 constituting the 
arm has the triangular cross section, unlike the 

rectangular cross section, an element which determines a 
deformation strength of a cross section is determined only 
by the rigidity m the inward direction of surface of each 
t S1 ?k S K f tHe trian ^ le - For example, In Figs. 8 and I 

is applied to the top, as schematically shown in Fiq 18 a 

SaSTiJS'tST iS aPP i i6d t0 ° ne Sid& 3 connecting the 
base h and the top i with each other, and the side f is 

shrunk and deformed, and a tensile strength is applied to 
the other side k and the side k is extended and Reformed? 
■and no force in the outward direction of surfaces is 
r^^? t0 the , two sides 3 and k. That is, since the 
rig.oity {rigidity in the inward direction of the surface) 
against the tensile and compressing force of the sJdes i 

" e -Jon^f^H 1 th&n - Che b€nding f ° rce in the outward 
dxrewcion of the surrace, the rigidity of cress section of 

tr.e ooom having the triangular cross section is o^ea: " 

I:!;-- t- ftat ©f the boom having the rectangular cross 

SeCui on . 

th- „ In th * J enera - formula of the material mechanics, i n 

s^ze of%hf I Strength ° f the W ° rking —hine, if the 
silt ill Jit H SeC i 1Cn iS increase <*, strength of cross 

section can be secured even if the cross section is 

rectangular or triangular. However, if deformation of the 
abov- S ?S IT 15 tak£n into consideration as described 

"o'd'tt n h"" ° r " he rectan ^ar cross section, the 
*xg_axty of the corner and the rigiditv of t'-e sid« in tr P 
outwarc direction of the surface Ire lowered" n^c J 
to reduction of the plate thickness. Whereas, in't^'case 
of tne triangular cress section, the rigidity <s iowe4" 
in proportion to a reduction ratio of the plate thickness 
Therefore variation in rigidity of the cross section d- J' 
^.• :;'!„; edUCtl0n ln P la ^ thickness of a boor, having a 

ll-Ml I C . r ° SS f eCCi ° n iS Smaller than thaz of a boom 
ha^ng a rectangular cross section. 

cr „, l°* the ab ° Ve reason ' ^ a boom has a triangular 
cross section, even if the plate thickness is reduced, 



It 
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is possible to remarkably reduce the deformation of the 
cross section as compared with the conventional structure 
having a rectangular cross sect-ion, and from this fact, it 
is possible to reduce the boom in weight. 

Further, as shown in Figs. 3 and 9, since the 
connected portions e, f, g of the two sides are arc 
triangular in cross section, the cross section of the boom 
can be increased and the sufficient cross section 
performance can be secure. That is, as shown with a 
phantom line in Fig. 19, the cross section can be increased 
by inscribing the arc connected portions e, f, g with 
rectangular inner surfaces of a space (height and width of 
the cross section) limited by disposition of the Working 
machine on a machine, vi-sual recognition properties of an 
operator and the like, ...... 

Especially when the boom-r.ounting bracket 26 to be 
mounted to the boom is mounted to the lower surface of the 
arm body 22, if the lateral load (F2 in Fig.l) or the 
torsion load (F3 in Fig.l) is applied to a tip end of the 
arm, the lower surface side is closer to the bracket 26 
than the upper surface side, there is a tendency that a 
burden of a load of the lower surface side which is 
shorter in length is greater. Therefore, as described 
above, if the lower surface is formed into a base of the 
triangle, the cross section performance can be exhibited 
mere efficiently as compared with a structure which is 
turned upside down, and the weight can further be reduced. 
Further, also when the vertical load (Fl in Fig.l) is 
applied to such a boom, if the lower surface is the bottom 
surface of the triangle, the cress section performance can 
be exhibited more efficiently. 

Next, a producing method zz the main arm body member 
20 will be exolair.ee. 

As shown in Fig. 20, a steel plate is cut into a 
substantially rectangular plate material 73 which is 
surrounded by two opposed long sides 70, ~' Z , and two 
opposed short sides 71, 71, the long sice 7: is formed 
substantially V-shaped at one sice portion "Ca and other 
side portion 70b, and is the shape that the ether side 
portion "?0b has the arc notch 72. The thickness of the 
plate material 73 is set such that opposite ends 73a of 
the short sides 71 are thicker than other portion 73b. 
Mere specifically, as shewn in Fig. 21, bar materials 75 
having thick portions and thin portions at longitudinally 
one end of the plate 7 4 which is cut into the 
predetermined shape . 

Next, as shown in Fig. 22, using a dice 80 having two 



arc surfaces 8Ca, 53a and a straight surface 80b 
connecting the arc surfaces 80a, 80a, and having an arc 

_2 _ • 



arc surraces 8Ga, ~3a and a straight surf 
connecting the arc surfaces 80a, 80a, and 
surface 80c of a large curvature located . 
the straight surface 80b, and using a pun. 
arc surfaces 8ia, 51a and a straight surf, 



urvanure iocat-ed at the center of 
, and using a punch 81 havinc two 
--v. ou iia «_ c; > oid, sia and a straight surface connecting 
tr.e two arc surfaces 81a, 81a, the plate material 72 is 
bent into arc shape along bendina lines i ri«wr f ^ 



^«^a<-=s» oid, Gia, tne plate material 72 is 

bent into arc shape along bending lines .-. closer to the 
long sides of the plate material 72, thereby forming the 
piate material 72 into a substantially U-shape as shewn in 




~ , j w -my uuun cne memDer c . 

As shown in Fig. 29(a), (b) , the main 
^- (arm oocy 22; may be produced by bendir. 



ir. ng. 29(a), (b) , the main arm body membi 
; may be produced by bending three plate 
rm three members 83, and : oir.ting the thr 



materials tc fc 

^ — mciiiwcis os, ana cir.tma t^e - ^ >• ^ =. 

members 89. ' y ee 

When the -air. arm body member 20 is reduced u*'-> c 

!-? 0 S}!J e 0 "" r . ials 35 ShOWn in "9«-28{..". b), one~oiat 
mo.erial 9^ is cent to form a top side member 87 U si-"a a 
dice 9- having a recess 90 whose base pc-ic- <s of 
and substantially V-shape, and a punch 92 havina the'same 
s.iape as that cf the recess 90. 

As shown in Fig. 31, a dice 101 is formed using a 
stationary dice 95 having an arc surface 94, a movable 
dice 97 having an arc surface 94 and arc su---ce 96 w- < 
is continuously connected to the arc surface 94, a sc-~rg 
5« for separating the movable dice 97 frcrr. the stationary 



ch 
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dice 95, a cushion pad 99, and a cushion pin 100 for 
pushing up the cushion pad 99. A punch 103 having an arc 
surface 102 which is the same as the continuous two arc 
surfaces 94 and 96 is provided with a cam 104 which moves 
the movable dice 97 against the spring 98. When the punch 
103 is in an upper position, the cushion pad 99 is pushed 
up by the cushion pin 100 and is flush with an upper 
surface of the movable dice 97. 

One plate material 105 is bent using the dice 101 
and the punch 103, thereby forming a base side member 88. 
More specifically, the plate material 105 is placed on the 
movable dice 97 and the cushion pad 99, and the punch 103 ' 
is lowered. While* SBJidwi :ch'in g 1 the- pLat'e material 105 - 
between the punch 103 and the cushion pad 99",' "the punch 
103 is lowered and the cushion pad 99 is lowered, and 
opposite ends of the plate material 105 is sequentially 
bent by an arc portion 94 of the stationary dice 95. 

When the punch 103 is lowered to a predetermined 
position, the movable dice 97 is moved by the cam 104 
against the spring 98, the plate material 105 is bent into - 
a predetermined shape, thereby forming the base side 
member 97 . 

Using a butt-jig shown in Fig. 32, the top side 
member 87 and the base side member 88 are butted and 
penetration-welded. 

The butt-jig includes a body 111 having a V-shaped 
groove 110, a pair of side pushing pieces 112, 112 
provided on left and right opposite sides of the V-shaped 
groove 110 of the body 111, a pair of first cylinders 113, 
113 for moving the side pushing pieces 112, a pair of 
upper pushing pieces 114, 114 provided on upper opposite 
sides of the V-shaped groove 110 cf the body 111, a pair 
of second cylinders 115, 115 for rr.cving the upper pushing 
pieces 114, 114, and a backing material 116 provided along 
the V-shaped groove 110 and supported by a supporting 
shaft (not shown) provided on opposite ends cf the body 

« * 

± 1. X . 

The backinc material 116 includes a waier-coolina 
jacket 117 which is ooened at an uooer surface of the 
backing material 116, and a lower supporting portion 113. 
A receiving plate 119 is mounted :o an upper surface of 
the backing material 116 such as ~o cover an upper portion 
of the ware r- coo ling jacket 117, Cooling water flows 
through the water-cooling jacket 117. A welding torch 120 
is movabiy mounted to an upper portion cf he V-shaped 
groove 110 of the body 111. 

Next, the operation of the penetration-welding will 
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be explained. As described above, the bent top side 
member 87 and base side member 88 are butted into a 
triangular shape and inserted between the V-shaped groove 
110 and the backing material 116. 

Each of the side pushing pieces 112 are moved toward 
the center, each of the upper pushing pieces 114 is moved 
ccvnward, and one end 87a of the top side member 87 and 
one end 88a of the base side member 88 are butted on an 
upper surface of the receiving plate 119. The welding 

torch 120 is moved, thereby penetration-welding the butted 
portion. 

Each of the side pushing pieces 112 is moved 
sideway, each of the upper pushing -pieces- 114 is moved 
upward, thereby separating these members, the top side 
member 87 and the base side member -87 to which the one 
ends 87a and 88a are welded are pulled out between the V- 
shaped groove 110 and the backing material 116. 

The pulled out top side member 87 and base side 
member 88 are rotated, and again inserted between the V- 
shaped groove 110 and the backing material 116 as shown in 
Fig. 33, and the other ends 87b and 88b are penetration- 
wedded in the same manner as that described above. 

With the above operation", the main arm body member 
^0 (arm body 22) comprising two members can be produced 

Further, as shown in Fig.29.(a), (b) , when the boom 
member is produced using three plate materials, one ola^e 
material is bent using the dice 91 and the ounch 92 shown 
ir. ng.30, thereby producing three members 89, and the 
tr.ree memoers 89 are sequentially penetration-welded at 
tr.ree points using the butt-jig shown in Fig. 32, thereby 
producing the boom member. 

Further, as shown in Figs. 34 (a) and (b) , the arm 
ozzy 22 may be formed such that upper connected portions e 
are formed by two arc portions X, Y, a fiat cortion Y and 
two arc portions Z-l having small curvature and an arc 
portion Z-2 having large curvature. 

Although it is not illustrated, all the th^ee 
connected portion, or one of them or two of them mav be 
rcrmeo ir.to the above-described shaDe, or e=c* c* -'-e 
ccr.r.ected portions may have different corr.bir.atiori of 

If the boom has the flat portion Y shown in 
Fig. 34 (a), since the bucket cylinder bracket 25 can be 

^ X >K d 1° l he flat portion Y - Therefore, edge preparation 
c_ .he bucket cylinder bracket 25 is unnecessary and the 
tr.roat depth of the weld joint can be secured by using a 
f.ixet weld }oint as the weld joint. 
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As shewn in Fig. 35, the arm body 22 :the main arm 
body member 20) may have three sides which bulge with 
large curvature R instead of three straight sides. 
Alternately, the three sides may be a combination of 
bulged side and straight side* 

The weld joint and the like are explained on the 
precondition that MAG (Metal ActiveGas) welding method or 
MIG (Metal InertGas) welding method is used, but it is 
possible zz use high energy welding such as laser welding 
and electron beam welding by changing the weld joint. 
When a high energy density heat source is used, the thick 
portions provided on the opening edges 20c of the boom 
front member 20 may be -omitted* so that these portions have 
the same thickness as that of the other portions 20b' the 
connection projections 42, 53, 54, 55, 56 and 64 may be 
omitted, and these portion may be- butted and penetration- 
welded . 

The embodiments are described above while taking the 
case of the hydraulic shovel, the present invention can 
also be applied to a bucket typ.e excavator having 
different design and to a structure for a working machine 
other than arm in substantially the same manner. 
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CLAIMS 

1. A structure for a working machine such as an arm of 
a bucket type excavator such as a hydraulic shovel, 
wherein a body (22) is hollow and triangular in cross 
section. 

2. An arm of a bucket type excavator according to claim 
1, wherein the arm body (22) has a cross section in which 
three sides are straight, and each of connected portions 
of the two sides is of arc shape. 

3. A boom of a bucket type excavator whose bucket is 
mounted to a tip end side and pivotally supported by a 
boom, wherein the arm body (22) is hollow and triangular 
in cross section. 

4. An arm of a bucket type excavator according to claim 

3, wherein the arm body (22) has a cross section in which 
three sides are straight, and each of connected portions 
of the two sides is of arc shape. 

5. An arm of a bucket type excavator according to claim 

4, wherein the arm body (22) has a substantially triangle 
cross section in. which a lower surface thereof is a 
triangular base side, an upper surface thereof is a tip of 
the triangle, and a boom-mounting bracket (26) is -ointed 
to a longitudinally lower surface. 

6. An arm of a bucket type excavator according to claim 

5, wherein a bucket cylinder bracket (25) is jointed to an 
upper surface of the arc connected oortion of the two 
sides. 

7. An arm of a bucket type excavator according to claim 
5, wherein the arm body (22) has a substantially trianale 
cross section in which a lower surface thereof is a 
triangular base side, an upper surface thereof is a tip of 
the triangle, and a bucket cylinder bracket (25) is 
jointed to the flat portion of the top. 

8. An arm of a bucket type excavator according to claim 
6 or 7 , wherein the bucket-connection bracket (23; is 
jointed to longitudinally one end of the arm body -22), 
and the arm cylinder bracket '24 \ is icinted to 
longitudinally ether end of the arm body (22). 

A producing method of a structure for a workinc 
machine cf a bucket type excavator comprising the steps 
°£; N ber *r: ng a P l2te material (73} having two long sides 
x'O), .70) and two short sides (71), (71) , thereby forrr.ing 
a nolle a member which is triangular in tress section, "and 
welding butted portions of the'twc lone sides (70), (70*, 
tnereby forming a body (22). 

10. A producing method of a structure for a working 
machine cf a bucket type excavator according to claim 8, 
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wherein the body (22) has a cross section in which three 
sides are straight, and «ach of connected portions of the 
two sides is of arc shape, the body (22) has a triangle 
cross section in which a lower surface thereof is a 
triangular base side, an upper surface thereof is a tip of 
the triangle, and butt-welded portions of the two long 
sides are disposed on the lower surface. 
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